• The thermal conductivity of post-perovskite is 50% larger than that of perovskite.
thermostat parameter of 0.05 and time-step of 1 fs. After 5 ps equilibration 146 with MD, we started the NEMD simulation which ran for 100 ps. Following 3 for examples, and to calculate the errors on the fitting parameters (slope and 161 zero-intersect). We found that the effect of increasing the cross-sectional area 162 (D×D) is to reduce the thermal conductivity. As shown in Figure 3 , converged 163 results can be obtained for a 2 × 2 unit cell cross-sectional area for perovskite 164 (irrespective of direction), a 2 × 1 unit cell (b × c) for the conductivity along 165 a in post-perovskite and 3 × 1 unit cell (a × c) along b in post-perovskite. We 166 used these values for the DFT simulations while for the interatomic potential 167 simulations we used 3 × 3 cross-sectional areas to give full convergence. 168 In order to begin to explore the effect of iron-(II) impurities on thermal con-169 ductivity we performed some simulations with the interatomic potentials with 170 ulations being simply a magnesium atom with an atomic weight of 56 g/mol). deform is not sufficiently advanced for this task. In order to proceed we recall 202 that, in three dimensions, the heat flux q i in direction x i (i = 1, 3) is given by 203 Fourier's law:
205
where K is the second order thermal conductivity tensor for the polycrystal 206 and T is the temperature. The repeated index on the right hand side implies 207 a summation for values j = 1, 3. In order to calculate the heat flux across the 208 thermal boundary layer above the CMB we therefore need to combine two 209 models: one for the thermal conductivity of the rock forming the lowermost 210 mantle and one for its temperature. Full details of these two models are given four-parameter equation we use to describe our results:
(3)
239
The parameters α 0 , α P , β 0 and β P for both phases and potential models are 240 given as a function of direction in the crystal in Table 1 .
241
As expected, the result of including iron in our calculations is to reduce the 242 thermal conductivity. However, as shown in Figure 6 , the reduction is vari- reason for this discrepancy is probably the presence of Fe 3+ in these experi-251 ments (and in the mantle) and we note that our approach could be used to 252 study this in more detail if suitable transferable interatomic potentials for 253 these impurities were to be produced. In the meantime, our results show that To illustrate the potential importance of these results we modelled heat flux 296 13 in the thermal boundary layer above the CMB. We quantify the effects of 297 temperature dependent thermal conductivity, the increase in thermal con-298 ductivity across the phase transition and anisotropic thermal conductivity in 299 post-perovskite, and compare these effects with the expected variation in tem- 300 perature in D . To do this we evaluate the heat flux on a 5 • by 5 • grid using 301 models of the thermal conductivity and temperature field described above. We the total heat flux out of the core. We emphasise that these results cannot sim-314 ply be scaled to account for a different temperature field or for different heat 315 production rates in the core or mantle because the model includes important regions giving a strongly bimodal heat flux distribution (Figure 8c and d) .
351
Together these two effects will, for any assumed relationship between mantle 352 temperature and seismic velocity, substantially stretch and modify the range 353 of heat flux variation, enhancing the potential for mantle control on convection 354 in the core and thus on the magnetic field.
355
As well as spatial variation on how quickly the core is cooled, the conduc- 
